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Abstract Emotional dysregulation is increasingly recog-
nized as a core feature of attention-deficit/hyperactivity
disorder (ADHD). The purpose of the present systematic
literature review was to identify published data related to
the neuropsychology of emotional dysregulation in chil-
dren with ADHD. The literature obtained is discussed in
the contexts of deficits in emotional control, impairments
in executive function, the emotional components of
comorbidities, neurophysiological and autonomic corre-
lates of emotional dysregulation, and the significance of
multiple neuropsychological pathways of ADHD on emo-
tional dysregulation. These various lines of evidence are
used to create a patient-oriented conceptual model frame-
work of the pathway from stimulus to inappropriate inter-
nalized (sadness, moodiness) or externalized (anger,
aggressiveness) emotional responses. The article concludes
by calling for continued research into the development of
reliable and universally accepted measures of emotional
dysregulation in order to provide children affected with
ADHD, and their caregivers, some explanation for their
emotional lability and, ultimately, to be used as tools to
evaluate potential treatments.
Keywords ADHD  Emotional dysregulation  Emotional
lability  Deficient emotional self-regulation
Introduction
Barry is a 10-year-old boy with attention-deficit/hyperac-
tivity disorder (ADHD) who has been suspended from
school. His father stays at home with him, but insists that
Barry does a number of homework exercises. Barry
understands the necessity and is doing the work, but
becomes increasingly frustrated by the amount of work.
Barry thinks he is doing the last exercise when his father
indicates there is one more page of math to do. Barry’s
heart starts to beat a little faster and he feels agitated. Just
then the telephone rings; it is the school principal wishing
to speak to Barry’s father about the suspension and rein-
tegration process. Barry can hear only a little of the con-
versation but, already agitated, he becomes increasingly
angry. His blood pressure rises, his face turns red, and he
begins to throw things, first around his bedroom and then
around the house. He yells and screams, disrupting the
telephone call, and strikes out at his father in desperation.
Finally, he retreats to his bedroom, destroying things along
the route.
Equally, consider Rachel, a 7-year-old girl with the
inattentive presentation of ADHD. Rachel is frustrated with
not understanding some homework on which she is work-
ing. She feels overwhelmed by a project that is due in a few
days. Rachel has kept her emotions inside, and her mother
is not aware of her frustrations. Her mother asks her to
clear the dinner table. Rachel does not respond at first, but
when her mother asks her again, Rachel bursts into tears
stating that her mother is always demanding so much of
her.
ADHD is a neurodevelopmental disorder characterized
by impulsivity, hyperactivity, and/or inattention according
to the Diagnostic and Statistical Manual of Mental
Disorders 5th edition (DSM-5) (American Psychiatric
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Association 2013). It has been recognized for many years,
however, that many children with ADHD exhibit low
frustration tolerance and explosive behavior (Laufer et al.
1957) and, increasingly, there are calls to re-assess the
characteristics of emotional impulsiveness and deficient
emotional self-regulation as core features, rather than
simply associated aspects of the disorder (Barkley
1997a, 2010). Indeed, the childhood manifestations of
emotional dysregulation are important criteria of the
Wender Utah Rating Scale used in the diagnosis of adult
ADHD (Ward et al. 1993). Initial efforts to develop a
unified model of ADHD proposed that impaired behavioral
inhibition leads to deficits in executive neuropsychological
functions that depend on such inhibition, including work-
ing memory, self-regulation of affect–motivation–arousal,
internalization of speech, and reconstitution (behavioral
analysis and synthesis) (Barkley 1997b), although others
have argued that impaired behavioral inhibition and exec-
utive function are independent of each other (Rhodes et al.
2005). Based on a discovery-based community algorithm,
Karalunas et al. (2014) proposed three subtypes of ADHD:
mild (normative emotional regulation); surgent (extreme
levels of positive-approach motivation); and irritable (ex-
treme levels of negative emotionality, anger, and poor
soothability) (Karalunas et al. 2014). The three subtypes
were independent of existing clinical groupings, showed
stability over time, and were distinguished by unique pat-
terns of cardiac physiological response, resting-state
functional brain connectivity, and clinical outcomes.
According to Barkley’s model (Barkley 1997a, b), the
deficits in inhibition when individuals with ADHD are
faced with emotionally charged situations lead to greater
emotional reactivity or emotional dysregulation, compared
with those without ADHD. Dysregulated emotion is char-
acterized by excessive and rapidly shifting emotions, often
associated with irritable and aggressive behavior (String-
aris 2011), and high rates of comorbid oppositional defiant
disorder (Stringaris and Goodman 2009). For the purposes
of the present review, we define emotional dysregulation as
an inability to modulate emotional responses, resulting in
extreme responses of an internalizing or externalizing
nature that would be considered inappropriate for the
developmental age of the person. In a recent review, the
authors concluded that emotional dysregulation is highly
prevalent in ADHD and is a major contributor to impair-
ment, is associated with deficits in the recognition and/or
allocation of attention to emotional stimuli, implicating
deficits in the striato-amygdalo-medial prefrontal cortical
network, and may be ameliorated by ADHD treatments
(Shaw et al. 2014).
The purpose of the present article is to undertake a
systematic literature review of clinical data relating to
emotional dysregulation in children with ADHD, focusing
on deficits in emotional inhibition and emotional self-
regulation, and evidence of impaired executive function.
To conclude, the article proposes a conceptual model of
the construct of emotional dysregulation in ADHD and
describes the importance of recognizing that emotional
dysregulation is a common feature in children with
ADHD.
Literature search
A PubMed search was performed on September 4, 2015,
using the following terms: ((((((addh[MeSH Terms]) AND
((emotion OR emotional)) AND (regulation OR dysregu-
lation))) AND Humans[Mesh] AND English[lang])) NOT
review[Publication Type]) NOT adult. Articles were
required to contain data related to the neuropsychology of
emotional dysregulation in children with ADHD. Reviews,
case studies, and commentaries were excluded, as were
articles that were not specifically related to ADHD and
emotional dysregulation (including articles describing
studies in individuals in which ADHD was not the primary
diagnosis). The search strategy is described in the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) flow diagram (Fig. 1). The literature



























Fig. 1 PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) flow diagram.
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Table 1 Summary of search results





ADHD 74 % (ADHD-C, 52.8 %;




Behavior assessment system for
children–2nd edition
46.92 % of the children affected by ADHD displayed
significantly elevated levels of emotional lability
versus 15.38 % of those without this disorder
Emotional lability was strongly associated with both
aggression and depression; deficits in the self-









Eyberg Child Behavior Inventory






Lengthened cardiac pre-ejection period at rest and
reduced pre-ejection period reactivity to incentives led
to higher scores on measures of conduct problems and
aggression
Lower baseline respiratory sinus arrhythmia and greater
respiratory sinus arrhythmia withdrawal led to lower
scores on prosocial behavior
Greater respiratory sinus arrhythmia withdrawal led to




Total, n = 63
ADHD, n = 21; ODD, n = 7; TS,
n = 4; DCD, n = 3; dyslexia,
n = 8; control, n = 42
Go/No-Go task
Stroop-like task
Kaufman hand movements test
Puzzle cheating task
Emotion regulation using a parental
rating scale (Rydell et al. 2003)
Story reconstruction test
Children with ADHD differed significantly from controls
with regard to measures of inhibition as well as all
other executive function measures, except repetition of
hand movements
In logistic regression models, three different measures
(tapping inhibition, working memory, and emotion
regulation) were shown to be significant independent
predictors of group membership
Children with ADHD differed from controls when
studying mean group differences in all of the
components in Barkley’s model; the measures
discriminated well between groups; the results
concerning independent effects pointed to inhibition





ADHD, n = 24; controls, n = 19
Developmental Questionnaire
(Gordon 1995)
Peabody picture vocabulary test-
revised
Empathy response task (Ricard and
Kamberk-Kilicci 1995)
Emotions behavior checklist
Emotional Intensity Scale for
Children
Emotional reactions to external
Contingencies Scale for children
Children with ADHD were less likely than those without
ADHD to match their emotion with the emotion of a
child in a story eliciting negative emotions and gave
significantly fewer character-centered interpretations
in their descriptions of the character’s emotion
Children with ADHD appear to show more negative
emotion, particularly depression, anger, and guilt, than
do children without ADHD; children with ADHD may





ADHD, n = 18; BD, n = 43; SMD,
n = 29; controls, n = 37
Children’s Depression Rating Scale
Young Mania Rating Scale
Whole brain blood-oxygen level-
dependent functional MRI
Relative to healthy comparison participants, patients
with ADHD manifested hyperactivation in the left, but
not right, amygdala
Significant group effect in the left amygdala, with
patients with severe mood dysregulation showing
hyperactivation
While rating subjective fear of neutral faces, youths with
ADHD demonstrated left amygdala hyperactivity
relative to the other three groups, whereas youths with




ADHD, 14.46 (1.12) years
Controls, 14.00 (1.10) years




Children with ADHD had lower mean omega-3/6 levels
and event-related potential abnormalities in emotion
processing, independent of emotional valence relative
to control children
Lower omega-3 fatty acid levels were associated with
impaired emotion processing in children with ADHD
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Table 1 continued
References Study population Measures Conclusions
Harty et al.
(2009)
Age 7–11 years at initial diagnosis.
*10 years follow-up
ADHD, n = 85 (ODD 52 %, CD





ADHD plus conduct disorder in childhood led to
elevated levels of physical aggression when compared
with controls and the ADHD-only group. ADHD plus
oppositional defiant disorder led to elevated levels of
verbal aggression compared with controls
Adolescents diagnosed with ADHD and comorbid
disruptive behavior disorders during childhood
reported high levels of aggression associated with




Age (StDev), 9.2 (2.0) years
n = 63
Kiddie SADS–present and lifetime
version
Conners’ Teacher Rating Scale–
revised, long version
Conners’ Parent Rating Scale–
revised, long version
Resting-state functional MRI
Children with ADHD who were impaired by high
emotional lability exhibited aberrant amygdala-cortical
intrinsic functional connectivity, i.e., in regions
associated with emotion regulation
Findings suggested that a subset of youth with ADHD
have specific disruptions in amygdala networks that
underlie emotion regulation impairments
Resting-state functional connectivity appears to be
suitable for detecting emotion relevant differences in





ADHD, n = 30; controls, n = 37
Depression, BD, OCD, FAS, etc.
excluded




Emotional reactions to external
contingencies scale–parent version
Children with ADHD were rated as significantly more
emotionally reactive to both immediate and future
events than were children without ADHD
Differences at both the immediate and future time
periods were stronger in response to negative as
opposed to positive emotional events
In response to the consequences of their behavior,
children with ADHD were rated as less emotionally





Total ADHD, n = 30 (ADHD-C,
n = 16; ADHD-I, n = 14);
controls, n = 17
Children’s Assertive Behavior Scale
Revised behavior problem checklist
Duncan’s socioeconomic index of
occupational status
Wide range achievement test–third
edition
Wechsler Intelligence Scale for
children–3rd edition
Facial and non-facial coding
Children with ADHD–C were rated as showing more
aggressive behavior; they displayed emotional
dysregulation characterized by high intensity and high
levels of both positive and negative behavior
Children with ADHD–I displayed social passivity and
showed deficits in social knowledge on the self-report
measure but did not evidence problems in emotional
regulation





ADHD, n = 92 (ADHD-I, n = 24;
ADHD-C, n = 68); borderline,




Reactive Control was related to hyperactivity–
impulsivity as rated by both parents and teachers.
Negative Emotionality was related to oppositional
defiance. Resiliency was primarily related to
inattention–disorganization as rated by both parents
and teachers; Effortful Control was related uniquely to
inattention in parent but not teacher data
Low levels of Reactive Control may have led to high
levels of hyperactivity–impulsivity, and low levels of
resiliency or Effortful Control may have been related
to high levels of inattention
Children with ADHD may have arrived at their disorder




Total, n = 42 (27 boys, 15 female)
ODD, CD, anxiety disorder,
depressive disorder
Schedule for affective disorders and
schizophrenia for school aged
children
Rorschach inkblot method
Children with greater ADHD symptoms displayed lower
scores on variables indicating internal resources for
emotional self-regulation and stress tolerance relative
to a comparison group
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Table 1 continued





ADHD, n = 45; controls, n = 34
Video-taped family interactions and
summer camp interactions rated by
trained observers
Parenting behaviors rated by
assessors based on positive/
negative parenting and parents’




Differences in emotion regulation were not
attributable to severity of ADHD symptoms
A generalized difficulty with emotion regulation was not
shown in the ADHD population, but was a specific
vulnerability among the highly aggressive subgroup
Emotion regulation abilities were modestly related to
underlying problems with impulse control and
hyperactivity
The aggressive subgroup of boys with ADHD had a
slight tendency toward more intense emotional
reactivity, however, emotional reactivity was





ADHD, n = 32 (ADHD-C, n = 19;
ADHD-I, n = 13 [AD, 10 %; OD,
13.3 %; SD, 13.3 %]); controls,











Children with ADHD displayed a stable pattern of
elevated parasympathetic activity across all task
conditions compared to baseline
ADHD in childhood was associated with abnormal





ADHD-C, n = 75 ([ADHD only,
n = 54; MD, 3.7 %; AD, 23.9 %;
ODD 24.7 %; tic disorder, 3.7 %;
SD, 7.1 %]; [ADHD ? low
prosocial, n = 21; MD, 3.7 %,
AD, 4.7 %; ODD 23.8 %; SD,
4.7 %]); controls, n = 75 (MD,







ADHD-typical prosocial group displayed atypically
elevated parasympathetic reactivity (emotion
dysregulation) during positive induction, along with
increased sympathetic activity (elevated arousal)
ADHD-low prosocial group displayed reduced
parasympathetic reactivity and reduced sympathetic
activity (low emotional arousal) across baseline and
task conditions
Both ADHD groups had altered patterns of autonomic
functioning
In addition to clinical heterogeneity, results suggested
that ADHD is heterogeneous with regard to




ADHD, n = 22 (ADHD-C, n = 19;
ADHD-I, n = 3 [ODD, n = 6;
SAD, n = 1]; controls, n = 20
DuPaul Barkley ADHD Rating Scale
Conners’ Parent Rating Scale–
Revised
Child behavior Checklist
Hollingshead index of social position
Edinburgh Handedness Inventory




Children with ADHD had reduced connectivity in two
neural circuits: one underlying executive attention and
the other emotional regulation
A double dissociation was seen between these two neural
circuits and their behavioral correlates
Reduced connectivity in the executive attention circuit
correlated with executive attention deficits, but not
with emotional lability
Reduced connectivity in the emotional regulation circuit






ADHD, n = 11; (ADHD-C, n = 9;
ADHD-I, n = 2); comorbidities,








A link was established between nonlinear patterning of
emotional variability over time and conventional
measures of emotional functioning
A 4-week parent-reported, but not child-reported,
ecological momentary assessment-based protocol was
a feasible means of assessing emotion dysregulation in
children
Study 2 (subset of study 1)
Age 8–11 years
ADHD, n = 5 (ADHD-C, n = 4;
ADHD-I, n = 1)
As above—ecological momentary
assessment completed by the child
(self-reported)
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Table 1 continued





ADHD, n = 64 (ADHD-C, n = 21;
ADHD-I, n = 28; AS, n = 15);





The structured interview for
diagnostic assessment of children
Behavior Rating Inventory of
Executive Function
Children with ADHD-C had significantly more difficulty
with behavioral regulation and more difficulty in
emotional control compared with children with
ADHD-PI or healthy controls
The Behavior Rating Inventory of Executive Function
indicated significant problems in the areas of
flexibility, shifting, and inhibition for children with
ADHD-C
The ability to be flexible and to shift from one activity to





ADHD, n = 37; controls, n = 32
ODD, CD, disruptive behavior
disorders





Difficulties in Emotion Regulation
Scale
ADHD status was positively related to both depressive
symptoms and emotion dysregulation, and depressive
symptoms were positively related to emotion
dysregulation
Youth in the ADHD group demonstrated significantly
higher levels of depression and emotion dysregulation




n = 227 (156 boys)
Emotion regulation checklist
(maternal report)
Revised Child Anxiety and
Depression Scales (self-report)
Emotion regulation in youth with ADHD was monitored
over a 3-year study
Emotion regulation was identified as a potential





ADHD, n = 102 [ADHD-C, 70 %;
ADHD-HI, 4 %; ADHD-PI, 26 %;
(ODD or CD, 46 %; GAD/anxiety
NOS, 7 %; OCD, 1 %; TS, 4 %)];








Children with ADHD differed significantly from
controls, except for delay aversion and recognition of
disgust
Executive functioning, reaction time variability, and
emotional functioning all contributed independently to
distinguishing between children with ADHD and
controls
Emotional functioning appears to be an area of
importance for ADHD that needs to be incorporated




ADHD, n = 23; ADHD ? anxiety,
n = 11; anxiety, n = 24
CD, TS, OCD, mania, depression,
dysthymia excluded from study
Behavior Rating Inventory of
executive function
Behavioral dysregulation in ADHD children was




Total, n = 87 (ADHD ? EF,
n = 16; ADHD, n = 19; EF,





Number of items in a stated category
Parent-reported Prosocial Orientation




Only ADHD symptoms predicted other aspects of
socioemotional functioning such as dysfunctional
emotional regulation and lower levels of social
competence
Both ADHD symptoms and impaired executive function
acted as early predictors of problem behaviors
180 J. van Stralen
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Deficits in emotional control
According to Barkley’s model (Barkley 1997a, b), indi-
viduals with ADHD exhibit deficits in inhibition when
faced with emotionally charged situations, leading to
greater emotional reactivity compared with those without
ADHD. In support, children and adolescents (aged
6–15 years) with ADHD were significantly more emo-
tionally reactive than control participants to positive and
negative emotionally charged immediate and future chal-
lenges (Jensen and Rosen 2004). Similarly, in a study in
boys aged 6–12 years challenged with a regulation and
control task consisting of a competitive unsolvable Lego
puzzle task in which half of the participants were told to
hide their feelings, individuals with ADHD were found to
have greater behavioral disinhibition and were less able to
regulate their emotions, even when prompted to do so, than
healthy controls (Walcott and Landau 2004).
Deficit in emotional self-regulation was assessed in a
large cohort of 216 children with ADHD and 142 siblings
using Conners’ Rating Scale (Parent version) (Anasto-
poulos et al. 2011). A greater proportion of children with
ADHD (46.92 %) displayed high levels of emotional
lability than controls (15.38 %). Children with ADHD also
showed significantly inferior outcomes in functional
impairment and comorbidities, especially aggression and
depression, compared with controls. Emotional lability in
ADHD was associated with worse outcomes and with
multiple-treatment utilization (e.g., use of medication,
parent training, and individual therapy). The self-regulation
of affect was compared in boys with ADHD and unaffected
peers (Braaten and Rosen 2000). Compared with controls,
boys with ADHD were found to be less empathic (based on
the empathy response task) and had higher scores on the
negative emotions subscale (scores for sadness, anger, and
guilt) of the Emotional Intensity Scale for Children,
although the level of emotional intensity reported by the
children did not differ between controls and those with
ADHD.
Evidence for a relationship between disturbed emotional
self-regulation (the capacity to regulate affect and sustain
attention) and the severity of symptoms of ADHD was
provided using the Rorschach inkblot method (Meehan
et al. 2008). Although without a formal diagnosis of
Table 1 continued




ADHD, n = 26; controls, n = 23
Stop signal reaction time
Competitive puzzle task: race to
complete Lego puzzle with missing
piece
Recorded and coded by trained
observers
Emotion control condition (half of
participants told to hide emotions)
Boys with impulsive ADHD displayed greater
behavioral disinhibition and were less effective at
emotion regulation than comparison boys
Boys with ADHD were unsuccessful in masking their
emotions or changing their emotion regulation or
disinhibition even when instructed to do so
Comparison boys were more successful at emotion
regulation when given instruction to self-regulate
A small, but significant, relation was seen between
executive behavior disinhibition and subsequent





ADHD, n = 10 (ADHD-C, n = 8;
ADHD-HI, n = 2); controls,
n = 16







The P3 wave is an event-related potential component
elicited in the process of decision making; the N2 is
known as a mismatch detector, but has also been found
to reflect executive cognitive control functions
Children scoring high on ADHD symptoms made more
errors of commission and showed smaller No-Go P3
amplitudes
Effortful Control Scale and Attentional Control Scale
scores were not related uniquely to inattention or
hyperactive–impulsive symptoms
Effortful Control was implicated in ADHD
symptomatology, as children scoring high on ADHD
symptoms scored low on Effortful Control
questionnaires, made more errors of commission, and
showed smaller No-Go P3 amplitudes
AD anxiety disorder, ADHD-C combined-type ADHD, ADHD-HI predominantly hyperactive–impulsive ADHD, ADHD-I inattentive ADHD,
ADHD-PI predominantly inattentive ADHD, AS Asperger syndrome, BD bipolar disorder, CD conduct disorder, DCD developmental coordi-
nation disorder, EF executive function, FAS Fetal Alcohol Syndrome, MRI magnetic resonance imaging, GAD generalized anxiety disorder, MD
mood disorder, NOS not otherwise stated, OCD obsessive compulsive disorder, OD oppositional disorder, ODD oppositional defiant disorder,
SAD social anxiety disorder, SD sleep disorder, SMD severe mood dysregulation, StDev standard deviation, TS Tourette syndrome
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ADHD, children with higher ADHD symptom scores
exhibited reduced access to internal resources compared
with the comparison group. Furthermore, children with
more severe ADHD symptoms generated fewer human
movement responses than those with fewer symptoms,
suggesting that the former group may have shied away
from social exchange. These results appeared to point to a
deficit in emotional self-regulation in children with greater
symptoms of ADHD. In an investigation of the impact of
the subtype of ADHD on emotional self-regulation, chil-
dren with the combined subtype of ADHD displayed
emotional dysregulation (high intensity and high levels of
positive and negative behavior) and aggressive behavior,
whereas those with the inattentive subtype of ADHD dis-
played impaired social functioning (social passivity and
deficits in social knowledge), but did not exhibit problems
with emotional regulation (Maedgen and Carlson 2000). In
contrast, a study that evaluated emotional regulation using
family interactions during a frustration-inducing task found
that poor emotion regulation was not linked to core ADHD
symptomatology, but was associated with an aggressive
subgroup of boys with ADHD (Melnick and Hinshaw
2000).
Although rating scales are important tools in under-
standing emotional lability in individuals with ADHD,
most are not designed to examine how emotional dysreg-
ulation varies over time as children with the disorder
attempt to maintain emotional homeostasis during their
daily lives. The ecological momentary assessment (EMA)
utilizes a handheld device both to prompt parents to enter
assessments of their child’s emotional state and to receive
them and, therefore, has the potential to assess both dis-
crete and temporal facets of emotional dysregulation. In a
small (n = 11), exploratory study in children (aged
8–11 years) with ADHD, parents reported data about their
child’s emotional status three times daily (before school,
after school, and in the evening) for 28 days (a total of
84 assessments) with outcomes correlated with those of the
emotion regulation checklist, the child behavior checklist,
and the Children’s Depression Inventory 2nd Edition sup-
porting the validity and utility of the parent-reported EMA
(Rosen et al. 2013). Results from a small (n = 5) parallel
study did not support the validity of child-reported EMA,
perhaps because self-report was problematic in emotionally
distressed children (Rosen et al. 2013).
Impairments in executive functioning
Poor executive functioning, which includes the mainte-
nance of future goals, inhibitory control, working memory,
and planning, has been linked to the impairment associated
with ADHD (Barkley 2001; Willcutt et al. 2005).
Accordingly, in 21 boys aged 7–10 years diagnosed with
combined or predominantly hyperactive–impulsive sub-
types of ADHD and 43 age-matched controls, several
measures of executive function, including tests of inhibi-
tion, working memory, internalization of speech, self-reg-
ulation of emotional arousal, and reconstitution, but not the
repetition of the hand movements test relating to working
memory, were all found to be independent predictors of
ADHD (Berlin et al. 2004).
A possible link between the symptoms and impaired
executive function in individuals with ADHD and several
socioemotional behaviors, including emotional dysregula-
tion, was investigated in a longitudinal, 2-year study in
87 children (aged 4–6 years) with ADHD and/or impaired
executive function (Wahlstedt et al. 2008). Executive
function was assessed using measures of inhibition, spatial
and verbal working memory, verbal fluency, and intelli-
gence; behavioral assessments included symptoms, emo-
tional regulation, social competence, and internalizing
problems. Although both symptoms and impaired execu-
tive function were evident for the entire study period, only
symptoms at study initiation predicted emotional dysreg-
ulation and lower levels of social competence at study end,
suggesting that symptoms and impaired executive function
are not entirely co-dependent facets of the disorder.
The Behavior Rating Inventory of Executive Function
(BRIEF) is a generic instrument used to assess executive
function in children and adolescents with ADHD
(McCandless and O’Laughlin 2007; Toplak et al. 2009).
The BRIEF comprises two indices, Behavioral Regulation
and Metacognition, with the former incorporating elements
of emotional dysregulation, including inhibition (the ability
to resist impulses and stop one’s behavior at the appro-
priate time), shifting (the ability to make transitions, tol-
erate change, problem-solve flexibly, and switch one’s
attention from one topic to another), and emotional control
(the influence of executive functions on the expression and
regulation of emotions) (Isquith and Gioia 2008). Sorensen
et al. (2011) compared parent-reported BRIEF outcomes in
children with ADHD (n = 23), anxiety disorder (n = 24),
ADHD with comorbid anxiety disorder (n = 11), and a
healthy control group. ADHD was associated with
impairments on the inhibit, emotional control, and working
memory elements of the BRIEF (Sorensen et al. 2011).
Semrud-Clikeman et al. (2010) also used the BRIEF,
alongside neuropsychological measures, to evaluate exec-
utive function in children with predominantly inattentive
ADHD (n = 28), combined-type ADHD (n = 21),
Asperger syndrome (n = 15), and controls (n = 32)
(Semrud-Clikeman et al. 2010). Overall, this study found
that the clinical groups exhibited more difficulty in mea-
sures of executive function than controls, although the
pattern of impairment across the three clinical groups
182 J. van Stralen
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varied across individual neuropsychological measures and
individual BRIEF scales. For example, in the behavioral
regulation scales of the BRIEF, scores for children with the
combined subtype of ADHD were significantly higher than
controls for emotional control, inhibit, and shift, whereas
scores for children with the predominantly inattentive
subtype of ADHD significantly differed from controls in
the inhibit scale only. In contrast, children with combined
and predominantly inattentive subtypes of ADHD exhib-
ited significantly greater difficulty than controls in all of the
metacognition scales of the BRIEF. Differences in the
executive functioning in the clinical groups, including
ADHD subtypes, have implications for therapeutic inter-
ventions. Furthermore, the observation that the severity of
the symptoms of ADHD (or Asperger syndrome) was
significantly related to difficulties with behavioral regula-
tion and metacognition suggests that symptom-related
behaviors interact with executive processes.
Emotional components of comorbidities
Evidence that emotional dysregulation may be an impor-
tant component of ADHD, particularly as it presents in
adolescence, was provided by a longitudinal study in which
individuals diagnosed with ADHD with or without
comorbid disruptive behavior disorders during childhood
(aged 7–11 years) were followed up 10 years later (Harty
et al. 2009). High levels of aggression associated with
increased emotionality in the form of anger were reported
in adolescents diagnosed with ADHD during childhood,
with most of the group differences at follow-up in verbal
aggression and anger (but not physical aggression)
accounted for by the persistence of ADHD symptoms into
adolescence.
A positive correlation between ADHD and both
depressive symptoms and emotional dysregulation in a
small study of youths aged 10–14 years with (n = 37) or
without (n = 32) ADHD led to the hypothesis that emo-
tional dysregulation may link ADHD in childhood with the
development of depression in later life (Seymour et al.
2012). Evidence of a link between ADHD symptoms,
emotion regulation ability, and depressive symptoms was
subsequently confirmed in a larger cohort of 227 youths, of
whom 27 met DSM-IV diagnostic criteria for ADHD and
were monitored over a 3-year period (Seymour et al. 2014).
Structural equation modeling suggested that emotional
dysregulation was a significant mechanism underlying the
relationship between ADHD and the development of later
depression. Although both hyperactive–impulsive symp-
toms and inattentive symptoms predicted the development
of depression, the symptoms of hyperactivity–impulsivity
were the more robust predictors of emotional
dysregulation. Differences in the pathophysiology of
emotional dysregulation in ADHD and other psychiatric
disorders were suggested by a functional imaging study in
which children with ADHD, unlike those with bipolar
disorder or severe mood disorder, displayed hyperactivity
of the left amygdala when rating subjective fear of neutral
faces suggesting different neural correlates of face-emotion
processing in patients with ADHD compared with the other
disorders (Brotman et al. 2010).
Neurophysiology and imaging correlates
of emotional dysregulation
The amygdala is implicated in the regulation of emotion
and the relationship between intrinsic functional connec-
tivity (iFC) of amygdala circuits, and emotion regulation
deficit in children aged 6–13 years with ADHD (n = 63)
and healthy controls (n = 19) was evaluated using func-
tional magnetic resonance imaging (fMRI) (Hulvershorn
et al. 2014). Within the ADHD group, higher levels of
emotional lability, determined using the Emotional Lability
subscale of the Conners’ Parent Rating Scale–Revised,
long version, were associated with greater positive iFC
between the amygdala and the anterior cingulate cortex,
and with negative iFC between the amygdala and the
posterior insula/superior temporal gyrus. Differences
between the ADHD subgroup with low levels of emotional
lability and healthy controls were small and nonsignificant,
suggesting that the abnormal functional connectivity was
specific to emotional lability rather than to other ADHD
symptoms.
Effortful control, or the self-regulation aspects of tem-
perament, was investigated in children with ADHD
(n = 10) and typically developing controls (n = 16) using
a combination of psychosocial (the Effortful Control Scale
and the Attentional Control Scale) and physiological
[electroencephalographic event-related potentials (ERPs)]
measures during the administration of the Go/No-Go task
(Wiersema and Roeyers 2009). ADHD symptoms were
associated with low scores on the rating scales, errors of
commission in the Go/No-Go task, and small No-Go P3
amplitudes, suggesting that effortful control is implicated
in ADHD. ERP evidence of atypical emotional processing
was also observed during a facial emotional processing
task in adolescent boys with ADHD (n = 31) compared
with controls without ADHD (n = 32) (Gow et al. 2013).
Negative facial expressions were associated with an
exaggerated P2 wave in those with ADHD; N2 and N4
waves were also atypical in this group. Furthermore, ERP
abnormalities in emotional processing were significantly
associated with lower plasma omega-3 fatty acids levels in
the ADHD group, suggesting that lower plasma long-chain
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polyunsaturated fatty acids are associated with impaired
emotional processing in ADHD.
Autonomic correlates of emotional dysregulation
Respiratory sinus arrhythmia (RSA) is the natural variation
in heart rate that occurs during breathing, whereby heart
rate increases during inhalation and decreases during
exhalation and is an indirect biomarker of vagal tone. RSA
is particularly pronounced in children, and abnormal RSA
has been linked to emotional dysregulation in childhood
psychopathologies (Beauchaine et al. 2013). In a study of
children with ADHD (n = 32) and typically developing
controls (n = 34), physiological recordings were con-
ducted during a task that required participants to view an
emotion-laden film while mimicking (induction) or mask-
ing (suppression) the emotion of the main character
(Musser et al. 2011). Healthy controls exhibited systematic
variation in RSA, which depended on emotional valence
(more activation for negative emotion, reduced activation
for positive emotion) and task demand (more activation for
suppression than induction), whereas children with ADHD
displayed a stable pattern of elevated parasympathetic
activity across all task conditions compared to baseline. No
group differences in cardiac pre-ejection period (PEP, an
indicator of sympathetic activity) were observed. Added
complexity was provided by a subsequent study using
similar methodology in which participants were classified
into three groups: children with ADHD and low prosocial
behavior such as callousness or unemotional traits
(n = 21), those with ADHD with developmentally appro-
priate prosocial behavior (n = 54), and typically develop-
ing children (n = 75) (Musser et al. 2013). In the ADHD
group with developmentally appropriate prosocial behav-
ior, positive induction was associated with atypically ele-
vated parasympathetic (RSA) reactivity during positive
induction, along with increased sympathetic (PEP) activity
across conditions. In contrast, children with ADHD and
low prosocial behavior displayed both reduced parasym-
pathetic reactivity and reduced sympathetic activity across
baseline and task conditions. Thus, both ADHD groups
exhibited altered patterns of autonomic functioning, but in
two distinct forms.
The possible utility of this form of physiological testing
in identifying children at risk of emotional dysregulation
was investigated in a cohort of 99 young children (aged
4–6 years) with ADHD during three conditions (baseline,
reward task, and block building) (Beauchaine et al. 2013).
Children with low RSA at baseline and greater RSA
withdrawal during block building exhibited poorer regu-
lation of emotion and scored lower for prosocial behavior
than their peers. Furthermore, lengthened cardiac PEP at
rest and reduced PEP reactivity to incentives were associ-
ated with increased levels of conduct problems and
aggression.
Multiple pathway models of ADHD
The heterogeneity of ADHD is reflected in the proposal of
various multiple pathway models for the disorder. One
example proposes that executive deficits lead to symptoms
of inattention and that reward–response deficits lead to
hyperactivity (Sonuga-Barke 2002, 2005). A second
example proposes that effortful control is associated with
the core symptoms of ADHD, negative emotionality with
comorbid antisocial or disruptive behavior (Nigg et al.
2004). This suggests that the neuropsychological deficits
that underpin the symptoms of ADHD may be different
from those leading to disruptive behavior problems was
investigated by examining the personality–temperament
traits of reactive and effortful control, resiliency, and
emotionality in 179 children aged 6–12 years with ADHD
(n = 92), without ADHD (n = 52), or with borderline or
not otherwise specified ADHD (n = 35) (Martel and Nigg
2006). The results support a model in which regulation
problems contribute to the emergence of symptoms of
inattention–disorganization and reactive or motivational
control problems contribute to the emergence of hyperac-
tivity–impulsivity symptoms, whereas negative affect was
associated with oppositional defiance. Thus, children
exhibiting regulation deficits and reactive motivational
behaviors may be at particular risk of the development of
ADHD.
The contribution of deficits in different neuropsycho-
logical domains to ADHD was examined in children (aged
7–12 years) with ADHD (n = 102) and controls (individ-
ually matched for age and sex) using assessments of
executive function (working memory, inhibition, and
shifting), delay aversion, reaction time variability, and
emotion regulation and recognition (Sjowall et al. 2013).
Children with ADHD differed significantly from controls
on all measures, except for delay aversion and recognition
of disgust. Executive functioning, reaction time variability,
and emotional functioning all contributed independently to
distinguishing between children with ADHD and controls.
This study, therefore, supports the concept of ADHD as a
heterogeneous disorder and highlights the importance of
emotional functioning to conceptual models of the
disorder.
Physiological evidence for a dissociation between
attentional and affective neural pathways in individuals
with ADHD was generated using resting-state functional
connectivity MRI in medication-naı¨ve children with
(n = 22) or without (n = 20) ADHD. Neural connectivity
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in neural circuits underlying executive function and emo-
tional regulation was found to be reduced in participants
with the disorder compared with controls (Posner et al.
2013). Interestingly, reduced connectivity in the executive
attention circuit was related to executive attention deficits,
but not to emotional lability, whereas reduced connectivity
in the emotional regulation circuit related to emotional
lability but not to executive attention deficits. Thus, these
imaging data add further weight to the suggestion that
multiple pathways underpin the pathophysiology of
ADHD.
Conclusions
Understanding of emotional dysregulation in children with
ADHD is not complete, and there is currently no single
definition for the phenomenon. Neuropsychological tests of
emotional control (impulsivity, self-regulation of positive
and negative emotions, and executive function) indicate
that the processing of emotional stimuli is impaired in
ADHD. Most descriptions of emotional dysregulation in
ADHD include the concepts of an inability to modulate
emotional responses and excessive reactions to a particular
emotional trigger that would be considered inappropriate
for the developmental age of the individual and the social
setting. Inappropriate responses may be both internalized
(e.g., the individual may be withdrawn, moody, or sad) or
externalized (e.g., they may be emotionally volatile,
aggressive, argumentative, and even physical). Further-
more, evidence continues to emerge that deficits in more
than one neurological pathway are responsible for emo-
tional dysregulation in ADHD.
Figure 2, adapted from Gross (1998), presents a possible
conceptual model which attempts to visualize how extrin-
sic or intrinsic stimuli may lead to emotional dysregulation,
resulting in internalizing or externalizing symptoms in
children with ADHD. Early-life emotion regulation is
managed largely by extrinsic situation selection (e.g.,
parents organizing their child’s daily routine), but as chil-
dren grow older, they develop their own regulatory pro-
cesses. Situation modification is an attempt, either
extrinsically or intrinsically, to alter the subsequent course
of the emotional response. Attention deployment is where
the individual selects the aspect of the situation to focus on
in order to help control the emotional response. Cognitive
change is where the individual changes their perception of
the situation (intrinsic), or they alter someone else’s per-
ception, or have their own perception changed by someone
else (extrinsic). Response modulation refers to the attempts
to directly influence the response tendencies through the
action of drugs, food, exercise and relaxation, etc. or by the
modulation of emotion-expressive behavior. This process
may not be learned at age appropriate times, and individ-
uals with ADHD may have poor attention deployment and
impulse control, thereby leading to premature exit from the
cognitive process and resulting in emotional dysregulation.
Although caregivers and patients with ADHD constantly
search for explanations for emotional lability such as that
described in the two case examples at the beginning of this
article, there is currently no gold standard for assessing
emotional dysregulation in ADHD. In many cases, indi-
viduals with ADHD and significant impairment from
emotional dysregulation do not meet DSM-5 criteria for a
distinct co-morbid diagnosis. Having clinically useful
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clinicians with a robust definition, could help caregivers
and patients to improve their understanding of the condi-
tion. Defining and measuring emotional dysregulation on a
clinical level should be a priority. Novel or new applica-
tions of neuropsychological instruments, neurophysiologi-
cal and imaging techniques, and biomarkers of emotional
dysregulation in children with ADHD are emerging, and
however, more research is needed to develop reliable and
universally accepted measures in affected children and to
determine which deficits are particularly problematic at a
functional level in terms of their daily life and social,
emotional, and cognitive development
Once such measures are developed, they could be used
to test the efficacy of potential treatments in emotional
dysregulation. Clinically, parents report that there is
improvement in emotional regulation when ADHD is
treated pharmacologically, perhaps through improvements
in the areas of impulse control and attentional deployment.
ADHD pharmacotherapy does not, however, address the
delayed development of cognitive control skills in indi-
viduals with ADHD. Hence, in addition to pharmacother-
apy, treatment should focus on the learning of cognitive
skills throughout the developmental process.
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